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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions, and 
listings, of claims in the application: 

1. (Canceled) 

2. (Canceled) 

3. (Canceled) 

4. (Canceled) 

5. (Canceled) 

6. (Canceled) 

7. (Canceled) 

8. (Canceled) 

9. (Canceled) 

10. (Canceled) 

1 1 . (New) An image optical system in which a plurality of light beams emerging from an image- 
forming device on a conjugate plane A and having a divergence angle of 10° or greater is made 
obliquely incident upon a conjugate plane B to form on the conjugate plane B an enlarged image 
approximately similar to an image formed by the image-forming device, said image optical system 
comprising: 

a first optical system and a second optical system, 

the first optical system including at least one optical element having a free-form surface and 
having the function of converging the plurality of light beams emerging from the image-forming 
device on both of a first light beam cross section parallel to principal rays and a second light beam 
cross section intersecting the first light beam cross section, 

the second optical system including an optical element having the function of converging 
light beams passing through the fu:st optical system on the conjugate plane B, 

the first optical system having a first reference axis passing through a position nearer to a 



Divisional of USSN 10/031,026 

Preliminary Amendment dated December 5, 2003 

Page 9 

light beam traveling through the shortest optical path from the conjugate plane A to the conjugate 
plane B than to a light beam traveling through the longest optical path from the conjugate plane A to 
the conjugate plane B, the first reference axis being perpendicular to the conjugate plane A, 

the second optical system having a second reference axis passing through a position nearer to 
a light beam traveling through the shortest optical path from the conjugate plane A to the conjugate 
plane B than to a light beam traveling through the longest optical path from the conjugate plane A to 
the conjugate plane B, the second reference axis being perpendicular to the conjugate plane B, 

the image optical system satisfying the following relationships: 

(I) S1<L11<S1+S2 

(ii) S1<L21<S1 + S2 

(iii) Lll/Lln<0.25 

(iv) 0<L21/L2n<1.5 

wherein SI is the distance from the point of emergence on the first optical system to the 
point of incidence on the second optical system along the first reference axis; 

wherein S2 is the distance from the point of emergence on the second optical system to the 
conjugate plane B along the second reference axis; 

wherein the maximum and minimum of the distance between a point of convergence in the 
first and second light beam cross sections of a light beam emerging from the first optical system at a 
point nearest to the first reference axis and the point of emergence on the first optical system are 
LI 1 and L21, respectively; 

wherein the maximum and minimum of the distance between the point of convergence in the 
first and second light beam cross sections of a light beam emerging from the first optical system at a 
point remotest from the first reference axis and the point of emergence on the first optical system 
are Lin and L2n. 

12. (New) An image optical system in which a plurality of light beams emerging from an image- 
forming device on a conjugate plane A and having a divergence angle of 10° or greater is made 
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obliquely incident upon a conjugate plane B to form on the conjugate plane B an enlarged image 
approximately similar to an image formed by the image-forming device, said image optical system 
comprising: 

a first optical system and a second optical system, 

the first optical system including at least one optical element having a free-form surface and 
having the function of converging the plurality of light beams emerging from the image-forming 
device on both of a first light beam cross section parallel to principal rays and a second light beam 
cross section intersecting the first light beam cross section, 

the second optical system including optical elements having the function of converging light 
beams passing through the first optical system on the conjugate plane B, 

the first optical system having a first reference axis passing through a position nearer to a 
light beam traveling through the shortest optical path from the conjugate plane A to the conjugate 
plane B than to a light beam traveling through the longest optical path from the conjugate plane A to 
the conjugate plane B, the first reference axis being perpendicular to the conjugate plane A, 

the second optical system having a second reference axis passing through a position nearer to 
a light beam traveling through the shortest optical path from the conjugate plane A to the conjugate 
plane B than to a light beam traveling through the longest optical path from the conjugate plane A to 
the conjugate plane B, the second reference axis being perpendicular to the conjugate plane B, 

the image optical system satisfying the following relationships: 

(i) S1<L11 <S1+S2 

(ii) S1<L21 <S1+S2 

(iii) Lll/Lln<0.25 

(iv) 0<L21/L2n<1.5 

(v) DKD2 

wherein SI is the distance from the point of emergence on the first optical system to the 
point of incidence on the second optical system along the first reference axis; 

wherein S2 is the distance from the point of emergence on the second optical system to the 
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conjugate plane B along the second reference axis; 

wherein the maximum and minimum of the distance between a point of convergence in the 
first and second light beam cross sections of a light beam emerging from the first optical system at a 
point nearest to the first reference axis and the point of emergence on the first optical system are 
L 1 1 and L2 1 , respectively; 

wherein the maximum and minimum of the distance between the point of convergence in the 
first and second light beam cross sections of a light beam emerging from the first optical system at a 
point remotest from the first reference axis and the point of emergence on the first optical system 
are Lin and L2n, respectively; 

wherein Dl is the distance along an arbitrary light beam fi-om the first optical system to the 
second optical system; 

wherein D2 is the distance along the arbitrary light beam from the second optical system to 
the conjugate plane B. 

13. (New) An image optical system in which a plurality of light beams emerging firom an image- 
forming device on a conjugate plane A and having a divergence angle of 10° or greater is made 
obliquely incident upon a conjugate plane B to form on the conjugate plane B an enlarged image 
approximately similar to an image formed by the image-forming device, said image optical system 
comprising: 

a first optical system and a second optical system, 

the first optical system including at least one optical element having a free-form surface and 
having the function of converging the plurality of light beams emerging from the image-forming 
device on both of a first light beam cross section parallel to principal rays and a second light beam 
cross section intersecting the first light beam cross section, 

the second optical system including optical elements having the function of converging light 
beams passing through the first optical system on the conjugate plane B, 

the first optical system having a first reference axis passing through a position nearer to a 
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light beam traveling through the shortest optical path from the conjugate plane A to the conjugate 
plane B than to a light beam traveling through the longest optical path from the conjugate plane A to 
the conjugate plane B, the first reference axis being perpendicular to the conjugate plane A, 

the second optical system having a second reference axis passing through a position nearer to 
a light beam traveling through the shortest optical path from the conjugate plane A to the conjugate 
plane B than to a light beam traveling through the longest optical path from the conjugate plane A to 
the conjugate plane B, the second reference axis being perpendicular to the conjugate plane B, 

the image optical system satisfying the following relationships: 

(i) S1<L11<S1+S2 

(ii) S1<L21<S1+S2 

(iii) Lll/Lln<0.25 

(iv) 0<L21/L2n<1.5 

(v) at least one of conditions expressed by 

(a) S1/L11>0.6 

(b) (Sl+S2)/L2n<l 

(c) ASL>0.6 

wherein SI is the distance from the point of emergence on the first optical system to the 
point of incidence on the second optical system along the first reference axis; 

wherein S2 is the distance from the point of emergence on the second optical system to the 
conjugate plane B along the second reference axis; 

wherein the maximum and minimum of the distance between a point of convergence in the 
first and second light beam cross sections of a light beam emerging from the first optical system at a 
point nearest to the first reference axis and the point of emergence on the first optical system are 
LI 1 and L21, respectively; 

wherein the maximum and minimum of the distance between the point of convergence in the 
first and second light beam cross sections of a light beam emerging from the first optical system at a 
point remotest from the first reference axis and the point of emergence on the first optical system 
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are Lin and L2n, respectively; 

wherein ASL is the difference between the maximum and minimum of the ratio Sl/Ll of the 

distance LI and the distance SL 

14. (New) An image optical system in which a plurality of light beams emerging from an image- 
forming device on a conjugate plane A and having a divergence angle of 1 0° or greater is made 
obliquely incident upon a conjugate plane B to form on the conjugate plane B an enlarged image 
approximately similar to an image formed by the image-forming device, said image optical system 
comprising: 

a first optical system and a second optical system, 

the first optical system including at least one optical element having a free-form surface and 
having the fimction of converging the plurality of light beams emerging from the image-forming 
device on both of a first light beam cross section parallel to principal rays and a second light beam 
cross section intersecting the first light beam cross section, 

the second optical system including optical elements having the fimction of converging light 
beams passing through the first optical system on the conjugate plane B, 

the first optical system having a first reference axis passing through a position nearer to a 
light beam traveling through the shortest optical path from the conjugate plane A to the conjugate 
plane B than to a light beam traveling through the longest optical path from the conjugate plane A to 
the conjugate plane B, the first reference axis being perpendicular to the conjugate plane A, 

the second optical system having a second reference axis passing through a position nearer to 
a light beam traveling through the shortest optical path from the conjugate plane A to the conjugate 
plane B than to a light beam traveling through the longest optical path from the conjugate plane A to 
the conjugate plane B, the second reference axis being perpendicular to the conjugate plane B, 

the image optical system satisfying the following relationships: 

(i) S1<L11 <S1 + S2 

(ii) S1<L21 <S1 + S2 
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(iii) Lll/Lln<0.25 

(iv) 0<L21/L2n<1.5 

(v) Dl < D2 

(vi) at least one of conditions expressed by: 

(a) S1/L11>0.6 

(b) (SI +S2)/L2n<l 

(c) ASL > 0,6 

wherein SI is the distance from the point of emergence on the first optical system to the 
point of incidence on the second optical system along the first reference axis; 

wherein S2 is the distance from the point of emergence on the second optical system to the 
conjugate plane B along the second reference axis; 

wherein the maximum and minimum of the distance between a point of convergence in the 
first and second light beam cross sections of a light beam emerging from the first optical system at a 
point nearest to the first reference axis and the point of emergence on the first optical system are 
LI 1 and L21, respectively; 

wherein the maximum and minimum of the distance between the point of convergence in the 
first and second light beam cross sections of a light beam emerging from the first optical system at a 
point remotest from the first reference axis and the point of emergence on the first optical system 
are Lin and L2n, respectively; 

wherein Dl is the distance along an arbitrary light beam from the first optical system to the 
second optical system; 

wherein D2 is the distance along the arbitrary light beam from the second optical system to 
the conjugate plane B; and 

wherein ASL is the difference between the maximum and minimum of the ratio SI /LI of the 

distance LI and the distance SL 
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15. (New) The image optical system according to claim 11, wherein the first and second optical 
systems have an imaging function of forming on the conjugate plane A a reduced image 
approximately similar to an image on the conjugate plane B. 

16. (New) The image optical system according to claim 12, wherein the first and second optical 
systems have an imagmg function of forming on the conjugate plane A a reduced image 
approximately similar to an image on the conjugate plane B. 

17. (New) The image optical system according to claim 13, wherein the first and second optical 
systems have an imaging function of forming on the conjugate plane A a reduced image 
approximately similar to an image on the conjugate plane B. 

18. (New) The image optical system according to claim 14, wherein the first and second optical 
systems have an imaging function of forming on the conjugate plane A a reduced image 
approximately similar to an image on the conjugate plane B. 

19. (New) The image optical system according to claim 11, wherein the first optical system consist 
of refracting optical elements and the second optical system consist of reflecting optical elements. 

20. (New) The image optical system according to claim 12, wherein the first optical system consist 
of refiracting optical elements and the second optical system consist of reflecting optical elements. 

21. (New) The image optical system according to claim 13, wherein the first optical system consist 
of refracting optical elements and the second optical system consist of reflecting optical elements. 

22. (New) The image optical system according to claim 14, wherein the first optical system consist 
of refracting optical elements and the second optical system consist of reflecting optical elements. 
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23. (New) The image optical system according to claim 11, wherein the first optical system consist 
of reflecting optical elements and the second optical system consist of refracting optical elements. 

24. (New) The image optical system according to claim 12, wherein the first optical system consist 
of reflecting optical elements and the second optical system consist of refracting optical elements. 

25. (New) The image optical system according to claim 13, wherein the first optical system consist 
of reflecting optical elements and the second optical system consist of refracting optical elements. 

26. (New) The image optical system according to claim 14, wherein the first optical system consist 
of reflecting optical elements and the second optical system consist of refracting optical elements. 

27. (New) The image optical system according to claim 11, wherein the first optical system and the 
second optical system consist of reflecting optical elements. 

28. (New) The image optical system according to claim 12, wherein the first optical system and the 
second optical system consist of reflecting optical elements. 

29. (New) The image optical system according to claim 13, wherein the first optical system and the 
second optical system consist of reflecting optical elements. 

30. (New) The image optical system according to claim 14, wherein the first optical system and the 
second optical system consist of reflecting optical elements. 

3 1 . (New) The image optical system according to claim 1 1 , wherein all the light beams incident on 
the conjugate plane B are inclined at angles not smaller than 45° to a normal to the conjugate plane 
B. 
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32. (New) The image optical system according to claim 12, wherein all the light beams incident on 
the conjugate plane B are inclined at angles not smaller than 45° to a normal to the conjugate plane 
B. 

33. (New) The image optical system according to claim 13, wherein all the light beams incident on 
the conjugate plane B are inclined at angles not smaller than 45° to a normal to the conjugate plane 
B. 

34. (New) The image optical system according to claim 14, wherein all the light beams incident on 
the conjugate plane B are inclined at angles not smaller than 45° to a normal to the conjugate plane 
B. 

35. (New) The image optical system according to claim 1 1, wherein the second optical system 
consist of a single optical element. 

36. (New) The image optical system according to claim 12, wherein the second optical system 
consist of a single optical element. 

37. (New) The image optical system according to claim 13, wherein the second optical system 
consist of a single optical element. 

38. (New) The image optical system according to claim 14, wherein the second optical system 
consist of a single optical element. 

39. (New) The image optical system according to claim 11, wherein the second optical system 
consist of a single reflecting optical element. 
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40. (New) The image optical system according to claim 12, wherein the second optical system 
consist of a single reflecting optical element 

41. (New) The image optical system according to claim 13, wherein the second optical system 
consist of a single reflecting optical element. 

42. (New) The image optical system according to claim 14, wherein the second optical system 
consist of a single reflecting optical element. 

43. (New) The image optical system according to claim 11, wherein the second optical system has 
an optical element having a axis of rotation symmetry and having the function of converging hght 
beams passing through the first optical system on the conjugate plane B. 

44. (New) The image optical system according to claim 12, wherein the second optical system has 
an optical element having a axis of rotation symmetry and having the function of converging light 
beams passing through the first optical system on the conjugate plane B. 

45. (New) The image optical system according to claim 13, wherein the second optical system has 
an optical element having a axis of rotation symmetry and having the function of converging light 
beams passing through the first optical system on the conjugate plane B. 

46. (New) The image optical system according to claim 14, wherein the second optical system has 
an optical element having a axis of rotation symmetry and having the function of converging light 
beams passing through the first optical system on the conjugate plane B. 

47. (New) The image optical system according to claim 1 1, wherein the second optical system has 
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an optical element having a free-form surface and having the function of converging light beams 
passing through the first optical system on the conjugate plane B. 

48. (New) The image optical system according to claim 12, wherein the second optical system has 
an optical element having a free-form surface and having the function of converging light beams 
passing through the first optical system on the conjugate plane B. 

49. (New) The image optical system according to claim 13, wherein the second optical system has 
an optical element having a free-form surface and having the function of converging light beams 
passing through the first optical system on the conjugate plane B. 

50. (New) The image optical system according to claim 14, wherein the second optical system has 
an optical element having a free-form surface and having the fimction of converging light beams 
passing through the first optical system on the conjugate plane B. 



